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Population-level data during an epidemic can provide the number of confirmed reported cases, c(t), and the number of confirmed reported fatalities, f(t), on day t of the epidemic. The number of infections and fatalities by day t is therefore P t t 0 =0 c(t 0 ) rc(t 0 ) and
r f (t 0 ) , respectively, where r c (t) and r f (t) are the proportions of cases and deaths reported at time t. These reported proportions refer to Ebola cases and deaths that are laboratory confirmed and subsequently reported within the surveillance system. Thus, we can provide an estimate of the case fatality ratio (CFR) from these population-level case counts as:↵
# where↵(t) converges to the true CFR, ↵, as the epidemic progresses and t increases. The delay, d, is the time in days between the reported case and the reported fatality. The eventual number of fatalities that result from the cases are only known definitively after this delay. In reality, under-reporting and delays between case and death reporting may introduce bias to the estimation of ↵, the CFR.
Bias I: The naive estimate of CFR neglects the delay between case report and fatality report, and does not consider the under-reporting. Thus,
.
, the naive CFR is likely an underestimate of the delayed CFR calculated as:
where
. Therefore, disregarding the delay between reported case and reported fatality incorrectly estimates CFR.
Bias II: As an illustrative case in which the reporting of cases remains constant over time, as does the reporting of deaths, the CFR estimate at time t can be calculated as rcF (t+d) /r f C(t).Thus, the delayed CFR estimate at time t only equals↵(t) in the case when rc /r f = 1. Consequently, ignoring di↵erences in the reporting of cases versus deaths can introduce inaccuracies.
Bias III: If the recording systems vary between countries, the CFR estimate from aggregated population-level data across multiple countries, must be reformulated as:
where the reported proportions for the cases and deaths in the ith country are given by r c,i (t) and r f,i (t), respectively, and the case and fatality counts for the ith country on day t given by c i (t) and f i (t), respectively. Only if the reporting remains constant over time does the pooled CFR estimate across n countries equal:
Furthermore, only if the reporting of both cases and deaths is the same for every country does the pooled CFR estimate equal:
Finally, this estimate becomes equivalent to the delayed CFR estimate when the reporting of cases and deaths are equally complete. Thus, it is merely coincidental if the aggregated death count divided by the aggregated case count (with or without a delay term) hits upon the true CFR for a disease.
This analysis highlights three important considerations regarding CFR estimation. First, the naive CFR estimate is only equal to the delayed CFR estimate when there is no delay between case report and death report. Second, the delayed CFR estimate can only be accurately evaluated from population-level data without knowledge of under-reporting if reporting of deaths and cases are the same and remain constant over time. Third, pooling case and death counts across countries with uncertain under-reporting only provides an accurate estimate of the CFR when the reporting of cases and deaths are constant over time, homogeneous within countries, and the same across all countries for which cases and deaths are tallied.
